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1.	  Synthesis	  
	  
To	  a	  solution	  of	  4-­‐(Diethylamino)salicylaldehyde	  (1.00	  g,	  5.18	  mmol)	  in	  degazed	  DMF	  (20	  mL)	  
were	   added	   1-­‐iodooctane	   (1.2	   mL,	   6.64	   mmol,	   1.3	   eq)	   and	   grinded	   K2CO3	   (2.10	   g,	   15.22	  
mmol,	   3	   eq).	   The	   heterogeneous	   solution	   was	   heated	   at	   60°C	   for	   4	   h	   under	   argon.	   The	  
solution	  was	  cooled	  down,	  water	  was	  added	  and	  the	  product	  was	  extracted	  with	  EtOAc	  (3	  
times),	   the	   organic	   phases	   were	   washed	   with	   brine	   (3	   times)	   before	   being	   dried	   over	  
anhydrous	   MgSO4,	   filtered	   and	   evaporated.	   The	   crude	   was	   purified	   by	   column	  
chromatography	  on	  silica	  gel	  (heptane/DCM:	  5/5)	  to	  obtain	  1.13	  g	  of	  1c	  as	  a	  yellowish	  syrup	  
(Yield	  =	  71%).	  Rf	  =	  0.49	  (DCM).	  1H-­‐NMR	  (400	  MHz,	  CDCl3):	  δ	  10.20	  (s,	  1H,	  CHO),	  7.73	  (d,	  J	  =	  
8.9	  Hz,	  1H,	  CH	  Ar),	  6.29	  (dd,	  J	  =	  9.0,	  1.8	  Hz,	  1H,	  CH	  Ar),	  6.03	  (d,	  J	  =	  2.0	  Hz,	  1H,	  CH	  Ar),	  4.04	  (t,	  
J	  =	  6.3	  Hz,	  2H,	  CH2O),	  3.43	  (q,	  J	  =	  7.1	  Hz,	  4H,	  2CH2CH3),	  1.85	  (t,	  J	  =	  7.5	  Hz,	  2H,	  CH2),	  1.52-­‐1.48	  
(m,	  2H,	  CH2),	  1.30	  (s,	  8H,	  4CH2),	  1.23	  (t,	  J	  =	  7.1	  Hz,	  6H,	  2CH2CH3),	  0.91	  (dd,	  J	  =	  8.8,	  4.7	  Hz,	  3H,	  
CH3).	   13C-­‐NMR	  (101	  MHz,	  CDCl3):	  δ	   	  187.16,	  163.89,	  153.81,	  130.09,	  114.39,	  104.23,	  93.23,	  
68.08,	  44.76,	  31.79,	  29.33,	  29.22,	  29.17,	  26.14,	  22.65,	  14.08,	  12.62.	  HRMS	   (ESI+),	   calcd	   for	  
C19H32NO2	  [M+H]+	  306.2428,	  found	  306.2432.	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  General	  procedure	  for	  the	  synthesis	  of	  DBS	  dyes.	  To	  a	  solution	  of	  aldehyde	  1	  (1.00	  mmol)	  
and	  barbiturate	  2	   (1.1	  mmol)	   in	   dry	  ACN	   (8	  mL)	  was	   added	  3	  drops	  of	   piperidine	   and	   the	  
solution	   was	   warmed	   at	   90°C	   for	   4	   h.	   The	   solution	   was	   evaporated	   and	   the	   crude	   was	  
purified	  by	  column	  chromatography	  on	  silica	  gel	  using	  a	  mixture	  of	  heptane/EtOAc	  as	  eluent.	  
	  
	  
DBS-­‐H.	  Purification:	  column	  chromatography	  on	  silica	  gel	  (heptane/EtOAc:	  8/2).	  
DBS-­‐H	  was	  obtained	  as	  a	   violet	   syrup	   (Yield	  =	  11%).	  Rf	  =	  0.29	   (heptane/EtOAc:	  
8/2).	  1H-­‐NMR	  (400	  MHz,	  CDCl3):	  δ	  	  8.31	  (s,	  2H,	  CH	  ethylene),	  7.66	  (d,	  J	  =	  8.9	  Hz,	  
2H,	   CH	  Ar),	   6.68	   (d,	   J	   =	   9.0	  Hz,	   2H,	   CH	  Ar),	   4.84	   (dt,	   J	   =	   7.9,	   4.0	  Hz,	   2H,	   2NCH	  
CyHex),	   3.49	   (q,	   J	   =	   7.1	   Hz,	   4H,	   2CH2CH3),	   2.38	   (dd,	   J	   =	   12.1,	   2.3	   Hz,	   4H,	   CH2	  
CyHex),	  1.90-­‐1.87	  (m,	  4H,	  CH2	  CyHex),	  1.78	  (dd,	  J	  =	  10.9,	  0.3	  Hz,	  2H,	  CH2	  CyHex),	  
1.71-­‐1.66	   (m,	   4H,	   CH2	   CyHex),	   1.42-­‐1.38	   (m,	   4H,	   CH2	   CyHex),	   1.26	   (t,	   J	   =	   7.1	  Hz,	   8H,	   2CH2	  
CyHex,	   2CH2CH3).	   13C-­‐NMR	   (101	   MHz,	   CDCl3):	   δ	   179.63,	   179.61,	   166.32,	   159.96,	   154.02,	  
152.10,	   148.75,	   134.05,	   122.10,	   112.16,	   111.67,	   91.74,	   57.40,	   54.86,	   44.93,	   29.37,	   28.75,	  
26.41,	   26.34,	   25.29,	   25.00,	   12.61.	   19F-­‐NMR	   (376	   MHz,	   CDCl3):	   δ	   	   -­‐145.35	   (20%),	   -­‐145.41	  
(80%).	  HRMS	  (ESI+),	  calcd	  for	  C29H39BF2N3O4	  [M+H]+	  542.3002,	  found	  542.3006.	  
	  
	  
DBS-­‐OH.	   Purification:	   column	   chromatography	   on	   silica	   gel	   (heptane/EtOAc:	  
8/2).	   DBS-­‐OH	   was	   obtained	   as	   a	   dark	   violet	   solid	   (Yield	   =	   23%).	   Rf	   =	   0.08	  
(heptane/EtOAc:	  8/2).	  1H-­‐NMR	  (400	  MHz,	  CDCl3):	  δ	  	  8.69	  (d,	  J	  =	  14.7	  Hz,	  1H,	  CH	  
ethylene),	  8.27	  (d,	  J	  =	  14.7	  Hz,	  1H,	  CH	  ethylene),	  7.54	  (d,	  J	  =	  9.1	  Hz,	  1H,	  CH	  Ar),	  
6.26	   (d,	   J	   =	  9.3	  Hz,	  1H,	  CH	  Ar),	  6.08	   (s,	  1H,	  CH	  Ar),	  4.84	   (s,	  2H,	  2NCH	  CyHex),	  
3.42-­‐3.37	  (m,	  4H,	  CH2	  2CH2CH3),	  2.42-­‐2.33	  (m,	  4H,	  CH2	  CyHex),	  1.86	  (s,	  6H,	  CH2	  
CyHex),	   1.68-­‐1.66	   (m,	  4H,	  CH2	  CyHex),	   1.40-­‐1.17	   (m,	  12H,	  6CH2	  CyHex,	   2CH2CH3).	   13C-­‐NMR	  
(101	  MHz,	  CDCl3):	  δ	  	  178.00,	  165.79,	  161.27,	  160.38,	  154.50,	  149.59,	  148.85,	  133.35,	  112.20,	  
110.55,	  110.54,	  106.82,	  97.14,	  91.16,	  57.31,	  54.90,	  45.06,	  29.40,	  28.78,	  26.39,	  26.36,	  25.27,	  
25.03,	  12.71.	  19F-­‐NMR	  (376	  MHz,	  CDCl3):	  δ	  	  -­‐144.81	  (21%),	  -­‐144.87	  (79%).	  HRMS	  (ESI+),	  calcd	  
for	  C29H39BF2N3O5	  [M+H]+	  558.2951,	  found	  558.2945.	  
	  
	  
	  
DBS-­‐C8.Purification:	  column	  chromatography	  on	  silica	  gel	   (heptane/EtOAc:	  
9/1).	  DBS-­‐C8	  was	  obtained	  as	  a	  dark	  violet	  amorphous	  solid	  (Yield	  =	  26%).	  Rf	  
=	  0.24	  (heptane/EtOAc:	  8/2).	  1H-­‐NMR	  (400	  MHz,	  CDCl3):	  δ	  	  8.61	  (d,	  J	  =	  14.9	  
Hz,	  1H,	  CH	  ethylene),	  8.42	  (d,	  J	  =	  14.9	  Hz,	  1H,	  CH	  ethylene),	  7.59	  (d,	  J	  =	  9.0	  
Hz,	  1H,	  CH	  Ar),	  6.32	  (dd,	  J	  =	  8.5,	  0.7	  Hz,	  1H,	  CH	  Ar),	  6.05	  (s,	  1H,	  CH	  Ar),	  4.84-­‐
4.84	  (m,	  2H,	  2NCH	  CyHex),	  4.06	  (t,	  J	  =	  6.6	  Hz,	  2H,	  CH2O),	  3.48	  (q,	  J	  =	  6.9	  Hz,	  
4H,	  2CH2CH3),	   2.40-­‐2.34	   (m,	  4H,	  CH2),	   1.99-­‐1.97	   (m,	  2H,	  CH2),	   1.89-­‐1.86	   (m,	  4H,	  CH2),	   1.77	  
(m,	   2H,	   CH2),	   1.70-­‐1.65	   (m,	   4H,	   CH2),	   1.52-­‐1.50	   (m,	   2H,	   CH2),	   1.41-­‐1.25	   (m,	   20H,	   CH2,	  
2CH2CH3),	  0.90	  (t,	  J	  =	  6.5	  Hz,	  3H,	  CH3).13C-­‐NMR	  (101	  MHz,	  CDCl3):	  δ	  	  179.17,	  165.98,	  163.19,	  
159.86,	  154.06,	  149.89,	  149.01,	  134.86,	  113.20,	  111.95,	  105.65,	  93.71,	  91.44,	  68.66,	  57.15,	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54.74,	   45.09,	   31.78,	   29.38,	   29.24,	   29.00,	   28.78,	   26.46,	   26.41,	   26.36,	   26.19,	   25.34,	   25.03,	  
22.67,	  22.64,	  14.08,	  12.74.	  19F-­‐NMR	  (376	  MHz,	  CDCl3):	  δ	  -­‐146.00	  (19%),	  -­‐146.06	  (81%).	  HRMS	  
(ESI+),	  calcd	  for	  C37H55BF2N3O5	  [M+H]+	  670.4203,	  found	  670.4196.	  
	  
2.	  Spectroscopy	  
	  
	  
Figure	  S1.	  Normalized	  absorption	  (left)	  and	  emission	  (right)	  spectra	  of	  DBS	  dyes	  (A-­‐C)	  and	  
NR668	  (D)	  in	  various	  organic	  solvents	  with	  increasing	  polarity.	  Emission	  spectra	  in	  water	  was	  
not	  displayed	  due	  to	  poor	  solubility	  of	  dyes.	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Table	  S1.	  Photophysical	  properties	  of	  the	  dyes	  in	  various	  solvents	  (concentration	  was	  1	  µM).	  
Excitation	  wavelength	  was	  480	  nm.	  
	  
Solvent
λAbs+
+(nm)
ε
(M01.cm01)
FWHM+Abs
(nm)
λEm
(nm)
FWHM+Em
(nm)
Stokes+shift
(nm)
φα+
(QY)
Cyclohexane 508 78,070 50 521 32 13 0.13
Toluene 527 88,610 56 561 45 34 0.62
Dioxane 524 92,120 59 570 50 46 0.19
EtOAc 524 96,290 65 573 68 49 0.06
ACN 535 91,680 71 576 69 41 0.01
MeOH 535 81,630 64 585 70 50 0.01
DMSO 548 98,410 74 592 66 44 0.04
Water 517 45,280 108 N/A N/A N/A N/A
Solvent
λAbs+
+(nm)
ε
(M01.cm01)
FWHM+Abs
(nm)
λEm
(nm)
FWHM+Em
(nm)
Stokes+shift
(nm)
φα+
(QY)
Cyclohexane 513 67,200 58 542 37 29 0.20
Toluene 523 79,230 56 553 51 30 0.08
Dioxane 525 90,600 56 558 47 33 0.08
EtOAc 526 99,120 57 563 49 37 0.03
ACN 534 60,500 68 562 94 28 0.01
MeOH 539 101,200 57 571 77 32 0.01
DMSO 551 94,000 60 579 59 28 0.03
Water 524 47,150 98 N/A N/A N/A N/A
Solvent
λAbs+
+(nm)
ε
(M01.cm01)
FWHM+Abs
(nm)
λEm
(nm)
FWHM+Em
(nm)
Stokes+shift
(nm)
φα+
(QY)
Cyclohexane 504 97,490 47 525 43 21 0.12
Toluene 523 111,610 50 556 45 33 0.50
Dioxane 521 119,710 52 558 49 37 0.20
EtOAc 524 112,350 56 564 52 40 0.05
ACN 536 115,510 61 571 60 35 0.01
MeOH 535 114,690 58 570 59 35 0.01
DMSO 547 125,840 62 582 59 35 0.03
Water 524 59,380 92 N/A N/A N/A N/A
DBS0H
DBS0OH
DBS0C8
	  
Figure	  S2.	  Normalized	  absorption	  (left)	  and	  emission	  (right)	  spectra	  of	  DBS	  dyes	  (A-­‐C)	  and	  
NR668	  (D)	  in	  various	  oils.	  Excitation	  wavelength	  was	  480	  nm.	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Table	   S2.	   Photophysical	   properties	   of	   the	   dyes	   in	   various	   oils	   (concentration	   was	   1	   µM).	  
Excitation	  wavelength	  was	  480	  nm.	  MCT	  is	  medium	  chain	  triglyceride	  (Labrafac®	  WL),	  VEA	  is	  
Vitamine	  E	  Acetate	  also	  called	  tocopherol	  acetate.	  
	  
Oil
λAbs'
'(nm)
ε
(M-1.cm-1)
FWHM'Abs
(nm)
λEm
(nm)
FWHM'Em
(nm)
Stokes'shift
(nm)
φα'
(QY)
MCT 521 76,260 68 566 54 45 0.42
labrafil 528 77,650 70 569 60 41 0.53
colza 520 78,130 70 558 54 38 0.40
peanut 520 70,260 65 558 56 38 0.42
sesame 520 71,990 66 559 55 39 0.40
soybean 521 73,090 71 557 55 36 0.49
olive 520 70,420 66 557 55 37 0.46
castor 528 76,690 69 557 59 29 0.80
VEA 527 59,080 81 548 63 21 0.62
mineral 512 73,370 56 525 34 13 0.22
Oil
λAbs'
'(nm)
ε
(M-1.cm-1)
FWHM'Abs
(nm)
λEm
(nm)
FWHM'Em
(nm)
Stokes'shift
(nm)
φα'
(QY)
MCT 527 87,150 55 555 49 28 0.38
labrafil 537 90,580 54 565 50 28 0.56
colza 526 85,730 58 553 50 27 0.44
peanut 527 83,900 53 553 52 26 0.49
sesame 527 83,980 54 554 51 27 0.44
soybean 527 81,050 56 552 50 25 0.45
olive 526 82,380 55 551 51 25 0.55
castor 534 98,430 54 559 49 25 0.87
VEA 534 68,940 55 548 53 14 0.95
mineral 516 68,380 60 545 45 29 0.37
Oil
λAbs'
'(nm)
ε
(M-1.cm-1)
FWHM'Abs
(nm)
λEm
(nm)
FWHM'Em
(nm)
Stokes'shift
(nm)
φα'
(QY)
MCT 520 102,250 56 554 51 34 0.48
labrafil 526 95,590 56 559 54 33 0.73
colza 518 105,320 55 548 54 30 0.58
peanut 518 98,520 54 547 52 29 0.67
sesame 518 96,180 55 548 52 30 0.56
soybean 519 95,200 55 549 52 30 0.59
olive 518 100,790 55 548 52 30 0.60
castor 525 99,920 55 554 52 29 0.96
VEA' 527 80,240 60 544 56 17 0.86
mineral 506 99,910 48 527 46 21 0.5
DBS-H
DBS-OH
DBS-C8
	  	  
Figure	   S3.	  Correlation	  of	   the	   fluorescence	  quantum	  yield	  of	  DBS	  dyes	  and	  NR668	  with	   the	  
viscosity	  of	  the	  medium.	  η	  is	  the	  solvent	  viscosity	  expressed	  in	  mPa.s	  
	  
	  
Figure	   S4.	   Size	   (A)	   and	   polydispersity	   index	   (B)	   obtained	   by	   DLS	   measurements	   for	   NEs	  
formulated	   with	   various	   oils	   and	   increasing	   surfactant/oil	   ratios	   (SOR%).	   Surfactant	   is	  
cremophore™.	  	  
Oil
λAbs'
'(nm)
ε
(M-1.cm-1)
FWHM'Abs
(nm)
λEm
(nm)
FWHM'Em
(nm)
Stokes'shift
(nm)
φα'
(QY)
MCT 525 40,090 87 583 84 58 0.98
labrafil 533 40,310 97 603 93 70 0.35
colza 524 41,610 87 572 86 48 0.53
peanut 524 38,950 82 571 88 47 0.48
sesame 524 38,720 82 574 87 50 0.44
soybean 526 35,120 92 572 90 46 0.46
olive 524 39,090 89 570 88 46 0.47
castor 537 41,790 94 602 98 65 0.10
VEA 525 41,440 79 563 85 38 0.86
mineral 496 40,780 74 537 79 41 0.44
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Table	  S3.	  Solubility	  of	  DBS	  dyes	  in	  3	  different	  oils	  expressed	  in	  weight	  percentage.	  
	  
	  
	  
	  
Table	  S4.	  Sizes	  and	  polydispersity	  index	  of	  NEs	  (50%	  SOR,	  oil:	  VEA)	  with	  increasing	  dye	  
loading:	  just	  prepared	  and	  after	  10	  days	  at	  room	  temperature.	  
	  
	  
Table	  S5.	  Sizes	  and	  zeta	  potentials	  of	  the	  neutral	  and	  negatively	  charged	  NEs	  
	  
	  
	  
	  
	  
	  
	  
Dye MCT castor-oil VEA
DBS5H 4.2 3.7 3.7
DBS5OH 2.7 2.6 2.7
DBS5C8 0.3 2.9 7.6
size (nm) PDI size (nm) PDI
0.2% 40 0.038 43 0.055
0.5% 38 0.044 50 0.145
1.0% 45 0.045 48 0.066
1.5% 38 0.030 41 0.073
2.0% 44 0.043 56 0.214
2.5% 49 0.079 58 0.204
0.2% 42 0.059 45 0.048
0.5% 40 0.044 44 0.104
1.0% 43 0.052 46 0.067
1.5% 45 0.041 48 0.047
2.0% 38 0.041 41 0.043
2.5% 43 0.051 46 0.050
0.2% 40 0.080 49 0.077
0.5% 49 0.080 53 0.067
1.0% 46 0.070 49 0.065
1.5% 44 0.084 47 0.065
2.0% 41 0.080 45 0.049
2.5% 39 0.064 43 0.060
0.2% 46 0.055 50 0.047
0.5% 39 0.038 42 0.042
1.0% 48 0.054 51 0.057
1.5% 51 0.038 54 0.057
2.0% 45 0.037 48 0.047
2.5% 40 0.033 42 0.049
NR668
Dye loading
(wt% in oil)
Just prepared 10 days after
DBS-H
DBS-OH
DBS-C8
Size%
(nm)%
Size
standard
%deviation
PDI%
PDI
standard
deviation
zeta%
potential
%ξ%(mV)
ξ
standard
deviation
Neutral%NEs
(no%PMAO)
41 0.5 0.04 0.003 '7.4 0.7
Negatively%charges%NEs
(1%wt.%%PMAO)
41 0.4 0.05 0.006 '13.9 1.0
3.	  Cytotoxicity	  
	  
Figure	   S5.	  Cytotoxicity	  assay	  of	   the	  DBS	  and	  NR668	  dyes	  at	  various	  concentrations	  
using	  MTT	  test	  and	  HeLa	  cells.	  Triton	  X-­‐100	  that	   is	  cytotoxic	  was	  used	  as	  a	  positive	  
control.	  
	  
4.	  Two	  photon	  absorbance	  and	  imaging	  
	  
	  
Figure	  S6.	  Two-­‐photon	  excitation	  cross-­‐section	  spectra	  of	  DBS-­‐H	  (16	  µM)	  (A)	  and	  DBS-­‐OH	  
(28	  µM)	  (B)	  in	  dioxane.	  
	  
Figure	  S7.	  Quadratic	  intensity	  dependence	  plot	  for	  DBS	  dyes	  in	  dioxane.	  (A)	  DBS-­‐H	  (16	  µM,	  
λEx=700	  nm),	  (B)	  DBS-­‐OH	  (28	  µM,	  λEx	  =720	  nm),	  (C)	  DBS-­‐C8	  (18	  µM,	  λEx	  =720	  nm).	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Figure	  S8.	  Two-­‐photon	  excitation	  cross-­‐section	  spectra	  NR668	  (A)	  in	  dioxane	  (10	  μM).	  Two-­‐
photon	   excitation	   imaging	   of	   HeLa	   cells	   incubated	   for	   2	   hours	   in	   the	   presence	   of	   NEs	  
containing	  1%	  PMAO	  and	  loaded	  with	  1%	  NR668	  (D).	  Concentration	  of	  dye	  was	  set	  at	  1	  µM.	  
Nucleus	  was	   stained	  with	  Hoechst,	  NR668	   and	  DBS-­‐C8	  were	   excited	   at	   similar	   two-­‐photon	  
action	  cross-­‐section	  (δ	  x	  Φ)	  values:	  	  930	  nm	  for	  DBS-­‐C8	  and	  910	  nm	  for	  NR668.	  Scale	  bar	  is	  10	  
µm.	  
	  
	  
5.	  Single	  particle	  tracking	  
	  
	  
	  
Figure	  S9.	  Time	  Lapse	  Images	  of	  single	  NEs	  tracking:	  A-­‐B:	  Cells	   injected	  with	  neutral	  
NEs	  or	  NEs	  covered	  with	  PMAO,	  yellow	  dots	  highlight	   single	  NEs	  detected	   in	  more	  
than	  10	  consecutive	  frames.	  C-­‐D:	  Time	  series	  of	  the	  displacement	  of	  the	  NEs	  along	  
their	   trajectories	   (white	   lines).	   The	   images	   correspond	   to	   the	   inserts	   shown	   in	   the	  
whole	  cell	  images	  A	  and	  B.	  Scale	  bars	  in	  C	  and	  D	  correspond	  to	  2	  µm.	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Figure	   S10.	   Distribution	  of	   the	  mean	   fluorescence	   intensity	   of	   the	   fluorescent	  NEs	  
detected	   in	   the	   injected	  cell	  at	  5	  different	   time	  points.	  This	  distribution	  presents	  a	  
single	  population	  of	  NEs	  (mean	  fluorescence	  intensity	  =	  47.7+/-­‐6.8	  a.u.).	  For	  details	  
see	  materials	  and	  methods	  section.	  
	  
	  
	  
6.	  NMR	  and	  mass	  spectra	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